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(54) Drag-releasing coatings for medical devices 

(57) The invention is directed to medtoal devices 
having a drug-releasing coating and methods for mak- 
ing such coated devices. The coating permits timed or 
prolonged pharmacological activity on the surface of 
medical devices through a reservoir concept Spedfi- 
caUy. the coating comprises at least two layers: an outer 
layer contaiiung at least one dnig-ionic surfactant com- 
plex overlying a reservoir layer containing a polymer 
and the drug which is substantially free of an ionic sur- 
factant. Upon exposure to txxfy tissue of a rtiedical 
device covered with such coating^ the ionically bound 
drug in the outer layer is released ffito txxfy fluid or tis- 
sue. Following release of such bound drug, tfie ionic 
surfactant binding sites bi tfie outer layer are left vacant 
To maintain the phanracological activity after delivery 

FiC.1 



of the ionically bound drug, additional amounts of the 
drug are embedded or incorporated in the reservoir 
layer in a manner which allows the drug, which is sut>- 
stantially free of ionic surfactants, to complex with the 
vacant binding sites of the ionic surfactant of the outer 
layer. As a result, the surface of the medical de^ is 
enriched with the drug to provide sustained pharmaco- 
logical activity to prevent the advme reaction due to the 
presence of the medical device. The invention is further 
directed to medical devices with stat>ffized drug-reieas* 
ing coatings. The coatings are stabilized by e)qx»ure to 
a low energy, relatively norhpenetrating energy source, 
eff.. gas plasma or an electron beam energy sounw; 



Q. 

O 
O 

UJ 
-J 

GQ 

5 

1 

I- 
CO 
UJ 

m 





40- 




30- 


< 






10- 








0- 


a* 


0 






00 




o 




Q. 




LU 












ndilS-Sa , 



















PriiMd br Xm (UK) ButiMCftSarvlOM 



EP0879595M 



Description 
- RELO OF THE INVENTION 

5 This inventtonretetes generally to dru^ 

the body. More particuiarly. the Invention is drecKed to mecfical devices having a dniQ-releasIng coating comprising at 
. least lv»« layers: a reservoir layer and an outer layer oorttprising an ionic surfactant complexad to a biolog i ca B y active 
material. Furthenmore, the invention is directed to m^hods ot stabifizing ionicatty complexed <*ug coatings. 

w BACKGROUND OF THE INVENTION 

Exposure to a medcal device which is inflamed or inserted into the body of a patiem can caus^ 
to exhtoit adverse physiokHpcal reactions. For instance, the insertion or implantalion of certain catheters or stents can 
lead to the tbrmation of entiofi or dots in Wood vessels. Simllarty, the implantalion o# urinary cat heteis <an caige w ^ec- 
15 tions, particularly in the urinary tract Other adverse reactions to medical devices inckjde cell profiferation which can 
lead to hyperplasia, occlusion d Wood vessels, platelet aggregation, rcjecto 

To reduce such adverse effects, pharnfiaceuticals, such as articoagdanls and a^ 
in or on medical devices. A number of methods for deivering the dnig(s) through 1^^ 

device involve covalently bonding the dnjg to the medical device, /.e. sUbstrate. For example. US. Pateit Na 4^ 13.^ 
20 to Larmdescrtoes the coupfing of heparin with reactive aldehyde g^o^>s to an a^ 

Also, ua Patent Nos. 5.112.457 and 5.455.040 to Merchant disclose the use of a similar approach to end-bind 

heparin on modified substrates. The substrate modification consists of depositing a film of pl asina p olymerized N-viriyl- 

2-^olidone ard attaching a spacer (e.0. PEG) on the film. The end group dM 

be bonded to aldehydg ended heparin through reductive amwatioa 
25 However, the covalent boncfing approaches are Emited. Only the surfaces ol covalently bound c oating s provide 

pharmaceutical activity, resulting in insuffident phamiaceutical activity at the treatment site. Furthermore the drug 

loading of the medcal device is fimited by its surface area since the drug must be attadied to the surtace of the coating. 
Pharmaceuticals have also been appfied to medcal devices by covering the surface with a coating containing them. 

A number of these coatings involve the ionic binding d the dug to the substrate. Th^ 
50 the deposition dwater-insdiAte complexes ddrogsand ionic surf^^ 
Illustrative d such approaches Is the use d tridodecyknethylammonium 

ride, positively charged or cationic surfactants wNch are ioni^ 

maceuticals. Typical examples include tridodecylmeftylarTwnofiium (TDMAHieparin and 

complex has been widely used as coatings on catheters, shunts and other blood contacting devices. The TDMA- 
35 heparin treatment can be applied to numerous biomedcd materials including pdyurethane, silacone, polypropylene, 
pdycarbonate, PVC, metals and glass. TDMA-antiMOtics have been used to reduce infections related to implaits, uri- 
nary catheters and the fka. 

Although these ionic conplex approaches dlow numerous biomateria^ 
surface modf'K:ation. they suffer from certdn disadvantages. Notab^ 
40 released from the medcd device upon contad with body fluids so that its actK^ 

diminishes rapidly. Attenpts have been made to stabiize these coalings by crossliddng the iodcaly complexed dmgs 
with glutaialdehyde or other dfunclional reagents. Recently. US. Patent Na 5,441,759 to Cnxitw et al. dsdoses that 
exposure to gamma radiation and pod-exposure heat treatrnem can strengthen the con|3lex d T 
surfaces. However, these attempts have demonstrated imtted improvement Spedficaly. such exposure to fipmma rad- 
49 ation has been demonsirated in certain cases to have adverse effects upon the device. Fd instance, certain polymers 
det^e. crosslink, or change cdor tpbn exposure to gamma radation. which may result in a loss of mechanical prop- 
erties. 

* Also, attenpts have been made to prolong the activity d iodcally complexed dnjgs by mixing pdymers with the 
dnjg-surfadant conplexes to fomri coating compositions. See e,g. ua Patent No. 5.525.348 to Whitboume^f al^ U.S. 
so Patent Na 5.061 .738 to Solomon ef a/., and US. Patent Na 4,670.975 to McGary ef a/. However, inclusion dapdymer 
has not shown sigrafkant increase in prdonging activity. Maeover by enploying drugs which are iodcaly complexed 
to surfactant the amount d dug that can be loaded into the coating is limited since in general the drug constitutes only 
20-50% d the conplex. Thus the incorpaationd the sirtctam restricts the amourtd drug that can t>e placed Irto the 

coatings d the medcal device. 
55 Hence, there is a-need for stade coatings for medcdtfevicesvvhichpw 

rate or over a desired period d time into body fWd wh«e mdnlaining high pharmaceuticd a^ 
tore it is an objed d the invention to provWe such a coating for timed rdease d the inco 

It is also an obieddtiiis invention to provide a drug-containing medicd device ¥^ sustained delivery d 
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the pharmaceutical or sufficient pharmaceutical activity at or near the coated surfaces of the desnce& 

Also, it is an object of the invention to provide medical devices with stabilized ionically complexed drug coatings and 
methods for maWng such devices. 
. Additiorvilly/it is an object of the invention to provide a dr 
B ical device to allGKv the timed or prolonged appHcation of the drug to body tissue 

It is a further object of the invention to provide methods tor maldng a drug-releasing nnecfical device which pmH 
timed-delivery or long-term delivery of the drug. 

SUMMARY OF THE INVEHTION 

w 

These arxf other objects are accomplished the present invention. To acNeve these objectives, we have devel- 
oped a coating which permits timed or prolonged pharmacological activity on surface of medical devices through a 
reservoir concept Specifically, the coatirig comprises at least two layers: an outer layer containing at least one drug> 
ionic surfactant complex overling a reservoir layer or tie layer containing a polymer and the drug which is subetanliaBy 

15 free of an ionic surfactant. Upon exposure to body tissue of a medical device covered with such ooalmg. the ionically 
complexed drug in the outer layer is released into body fluid or tissua Following release of such complexed drug, the 
ionic surfactant complex sites in the outer layer are left vacant To maintain the pharmacological activity after delivery 
of the ionicaUy complexed drug, additional amounts of the drug are embedded or incorporated in the reservoir layer in 
a manner which allows the drug, which is substantially free of ionic surf^rtants, to form a complex with the vacant com* 

20 plex sites of ttie ionic surfactant of the outer layer As a result, ttie surface of the medteal device is. enriched with the drug 
to provide sustained pharmacological activity to prevent the adverse reaction due to the presence of the medical device. 
In use. some of the drug which is embedded or Incorporated In the reservoir layer can con^ 
in the outer layer, whto some of the dnjg. which is embedded or incorporated in the reser^ 
the body fluid. 

25 To further achieve the otijectives. we have also devised a mettKxl to stabilize drug-releasing coatings comprising 
ionically-complexed drugs. By exposing the coated device to a low energy, relatively non-penetrating energy source 
such as gas plasma, electron beam energy, or corona discharge, the coating is stabQized to permit toned or long^erm 
delivery cf the drug. Preferably, the coated device is f M exposed to heat to secure the drug coating prior to eoqxKure 
to ttie energy source. Moreover, application of this method of stabilization is not limited to the reservoir layer coating 

30 desabedabova tt can be used with other coatings such as one conrpnsing a first lay w 
overlaid with a second layer containing a polymer and a drug-tonic surfactant complex. 

The coatings of the invention can be used for a variety of medical devices such as cattieters, shunts, stents, (ey. 
self expandable or balloon expandable vascular or non-vascular stents) heart valves, grafts, and artificial organs or 
prostheses. The coatings may be used with polymeric, rnetalfic or ceramic surfaces. 

3$ The polymers suitable for use in the invention such as in forrning the reservoir 

compatible and avoid irritation of body tissue Prelerably for medical devices which undergo mechanical challenges, 
elastomeric polymers such as sificones. polyuretttanes. thermoplastic elastomers, ethylene vinyl acetate copolymers, 
pdyolef in elastomers, and EPDM rubbers may be used. For medical devices which do not undergo mechanical chal- 
lenge, bioabsorbable polymers may be used. Such bioabsoit>able polymers included polylactic acid, polygiyoolic add. 

4c polycaprolactone.pdylacticacid-polyettiyleneGMde copolymers, cell^ 

The biologicaOy active material suitable for the invention can'be in a particulate form. Average partide size can be 
1 to 100 microns. The bidogicaOy active materials useful for the invention indude.gluoocMiooUs. heparin. Nnxfn. 
angiopeptin. BSfmn, growth factors, oligonudebtides. antiplatelet agents, anticoagulant agents, antimitotic agents; 
antioxidants, antimetabolite agents, antinnf lammatory agents, anti-hypertensives, and antibiotics such as penidlin. The 

45 reservoir layer can contain 0.1 to 90 weight % of ttie bidogically active material, preferably 10-45 weight %, and can 
have a ttiidoiess ranging from about 5 to about 1 000 miaoris. Preferably, the reservdr layer ranges from about 1 5 to 
atxMJt 50 or 200 microns tNck. 

For ttie outer layer, suitable ionic surfactants comprise tridodecylammonium chloride; or benzalhonium chloride. 
The outer layer can have a ttiickness ranging from about 0.1 to about 10 microns: preferably, ttie outer 1^ is about 1 

50 to about 5 microns tttick. 

In accordance with the present invention, negatively charged drugs contact positively charged surfactants to form 
a complex Or^e ttie complex is formed, ttie solubility of ttie drug in body fluid is signricantfy reduced. Thus, ttie release 
rate of ttie drug in ttie body fluid is decreased SImBarly. positively char^ 
charged surfactants to achieve similar results. 

55 The complexes formed acoording to ttie present invention win result primarily from ioric interactions between neg- 
atively charged drugs and positively charged surfactants or positively charged drugs and negatively charged sur- 
factants. However, certain secondary forces may also exist to. contribute to the fbrmation or maintenance of ttie 
complexes, such as hydrogeri bonding, dipole^ffiole interaction, charge-dipde interaction, and ttie complexes of the 
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initial outer layer may be identkal a sMv 

the reservoir. HoMrever, the complexes rmy differ. For instance an initial conplex may have a higher density ol charge- 
charge interaction between a pharmaceutical agem and a surfEK^ 
biologically active material of the reservoir and the surfactant 

5 To prepare the reservoir coatings of the present inventioa Ihe reservoir layer is first formed on the medteal device. 
The drug is incorporated by dissolving or suspending it in a polymer and solvent oonrposftioa Aoossinking agert can 
optionally be added to the solution or suspension. The reservoir layer composition is then applied to a surface of the 
medical device t^ methods such as. but not limited to. spraying or dipping. The reservoir layer can then be optionaBy 
heat cured. The outer layer is prepared by dissolving a drug-ionic surfactant conplex in a solvent or a mixture d sol- 

10 ven^wNch are swellable to the polymer(s) in the reservoir lay^ 
voir layer to torm the outer layer. Some of the confplex wil penetrtf 

To make the stabifized coatings of the present invention, after me first layer of the coating is applied to the device 
(if the coating comprises more than one layer), the dence can be heat treated and then exposed to a low energy, rela- 
tively non-penetrating energy source to further cure the 1^. Optionally, the device can be heat treated without expo- 

15 sure to the energy source or exposed to the energy source without heat treatment, additional layers can then be 
applied The device can then again be heat treated and/or exposed to the energy soucaTT^ 
may optionally be heat tr^tedL but should be exposed to the energy source in any evem 

BRIEF DESCRIPTION OF THE DRAWINGS 

20' 

FIGURE 1 is a plot Showing the release rate Of heparin for Stents With the 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 The medical devices suitable for the preserrt invention indude but are n^ 

access ports, blood storage bags, vascular stents, blood tubing, central venous catheters, arterial catheters, vascular 
grafts, intraaortic balloon pumps, heart valves. cartfiovascUar sutures, total artificial heart and ventricular assist pump, 
extracorporeal devices such as blood oxygenators, blood titers, hemodialysis units, hemoperfusion units, plasmapher- 
esis units. hyt)rid artificial organs such as panaeas or iver and artificial 

90 Devices which are particularly suitable include vascular stents such as setf-expw 

able stents. Exanples of setf-es^Mnding stents useful in tiie present invention are ilustrated in U.a Patent Nos. 
4.655.771 and 4.954.126 issued to Walsten and 5.061.275 Issued to WUsten etal. Examples off appropriato baBoon- 
expandable stents are shown Ih U.& Patent Na 4.733,665 issued to Palmaz. ULS. Patent Na 4.800,882 issued to Gian- 
turco and US Patent Na 4.686.062 issued to Wiktor. Similarty. urinary implants such as drainage catheters are ateo 

35 particularly appropriate for ttie invention. 

The surfaces of the medical devices n«iy be fornfted from polymeric. metalBc an^ 
ymeric materials include wdhout limitation polyurethane and its copolymers, silicone and its copolymers, ethylene vinyl- 
acetate, thermoplastic elastomers, polyvinyl cNoride. polyolefins, cellulosics. polyaindes, polyesters, polysulfones, pol- 
ytetrafiuorethylenes. polycarbonates, acryfonitrie butadiene styrene copol^^ 

40 acid, polycaprolactone. polylactic add-polyethytene oxide copolymers. celuloGe. collagens. and chitins. 
MetalHc materials include nietals and allo^ based on titanium (such as nitin^ 
ory alloy materials), stainless steel, tantalum, nickel-chrome, or cobaH-chromkim (such as Eigfloy^ and Phynox^. 
Metallic materials also include dad composite filaments^ such as ttiose dtedosed in WO 94/16646. €xamples of 
ceranrvc nriaterials include cerarnics ol alunnina arid glass^eranrta such 

4$ As desatoed above, the reservdr layer composition comprises a polymer and a bk^^ 

ally a cross-Unking agent may be included. The toHowing is a more detaSed descrfption of suitable materials or agents 
and methods useful in producing ttie reservoir layer of ttie coatings of tiie inveritioa 

' The polyn(ier(s) useful tor tonning ttie reservoir layer should be ones ttial 
body tissue. Preferably the polymers are bk)stable ones, such as poiyurethanes. sScones. and polyesters. Ottier poly- 

50 mers which can be used include ones ttiat can be dissolved and cured or polymer 

mers having relatively tow melting points that can be blended with ttierapeutic agents. Suitable po^rmers include 
poiydefins. polyisobutylene. ethylene-alphaolefin copolymers, acryfic polymers and copoly^ 
and copolymers such as polyvinyl chloride, polyvinyl ethers such as poly^^ methyl ether, polyvinyfidene haides such 
as potyvinyfidene fluoride and polyvinylidene chforide. polyacrylonitrae. polyvinyl ketones, polyvinyl aromatics such as 

55 polystyrene, polyvinyl esters such as pdyviriyl acetate: copolymers of vinyl monomers, copolymers of vinyl monomers 
and olefins such as ettiylene-methyl methacrylato copolymers, acrytonitrile^ene copolymers. ABS resins, ethylene* 
vinyl acetate copolymers, pdyamkles such as Nyton 66 and polycaprolactone. alkyd resins, poiycarbonates. pdy- 
oxymettiylenes. pdyimides. polyettiers, epoxy resins, pblyurethanes, rayon-triacetate, cellutose. ceOuiose acetate, cel- 
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lulose butyrate, celluiose acetate butyrate. cellophane. ceOidose nitrate, cellulose propionate, c^ulose ethers, 
cart)oxymethyl cellulose, collagens, chitins, pdytactic actd. polygtyooGc acid»^and poiytactic acid-po|yethylene oodde 
copolyniers. 

More preferably for medical devices which undergo mechanical challenges. e.g, expansion and contraction, the 
5 polymers are selected from elastomeric polymers such as silicones (e.^. pdysilaxanes and substituted polysilQxanes), 
polyurethanes. thermoplastic elastomers, ethylene vinyl acetate copolymers, pdyolefin elastomers, and EPDM rub- 
bers. Because of the elastic nature of these polymers, the coating better adheres to the surface cf the medical device 
when the device subjected to Ibrces or stress. 

Furthermore, although the bivention can be practiced by using a single type of polymer to form the reservoir layer. 
10 various combinations of polymers can be employed. Theappropriatemixtureof polymers can be oxwdraled with bt^ 
logically active materials of imerest to produce desired effects when coated on 
inventiort 

The drugs or biologically active materials which can tDe used in the inventoi can be any therapeutic s ub stances 
such as those which reduce or prevent adverse physiological reactions from exposing body tissue to the medtoal 
75 deyica The dnjgs incorporated into the resenoir layer should be substa^ 

be of various pT^cal states, e.0.. molecular distrbution. crystal forms ot cluster forms. A combihalion (tf suitable phar- 
maceuticals can be incaporated into the reservoir layer. 

Suitable therapeutic substances include glucocorticoids (e.g, dexamethasone. betamethasone), heparin, hirudin, 
angiopeptin. aspirin, growth factors, oligonudeotides. and. more generally, antiplateiet agents, anti-coagulant agents. 
20 antimitotic agents, antioxidants. anttmetaboTrte agents, and anti-inflammatory agents could be used. Antiplatelet agents 
can include drugs such as aspirin and dipyridamola Aspirin is classified as an analgesfo, antipyretic, anti-inflammatory 
and antiiplatel^ drug. Dipyridamole is a drug simflar to aspirin in th^^ 

also classified as a coronary vasodilatpr. Anticoagulant agents can MudB drugs such as heparki. protanwre. hkudin 
and tick anticoagulant protein. Antimitotic agents and antimetabolite agents can include dn^ such as methotrexate. 
25 azathiQprine. vincristine, vinblastine. Sfluaouracii.adriamycin and 
cefoxitin. oxaciWn. tobramycin, and gentarnydTL 

The biologically active agents can be incorporated by dissolving or suspending them in the polymer and solvent of 
the reservoir layer composition. If the drugs are suspended in the solutioa they should be dtepersed as fine particles 
ranging from 1 -100 micnsns in average partide siza Alternatively, if a polymer having a relafiviBly low melt^ point is 
30 used, ttie polymer and biologically active agem can be blended in the molten stage (such as ^ 

If the bidogicaHy active agent does not degrade at the molten temperature. The ratfo of reservoir layer ttiidoiess to aver- 
age partide diameter is preferably ^eater than about 3. and more preferably greater than about 5. 

The concentration or loading of the biologicany active material in the reservoir layw 
therapeutic effects desired. Also, tiie loacfing. in terms of the ratio of pharmaceutical to poiynier inihe reservoir fa^. 
35 win depend upon the efficacy of the polymer in securing the phanmaceutical onto the medcal device and the rale at 
which the coating is to release the pharmaceutical to the body tissue: QeneraRy. the resent 
. 90% by weight or preferably 1 0-45% by weight of the biologically active material Most preferably. 25-40% by weight of 
the drug should be incorporated in the reservoir layer. 

The reservoir layer will generaly be prepared to be substantiaOy free of any ionic surfactant However. smaU 
40 amounts may become present espedally at an interfece between an outer layer and a reservoir layer, f^or instance, 
smafl amounts of ionic surfactant may become present as a result of penetration during an outer layer spraying process 
or <lie to migration from the outer layer during shelf storage The resen/oir layer, apart from the interface with the outer 
layer, win preferably have less than 0.5 weight percent complex, more preferably less than 0.4 weight percent conrpiex. 
Solvents suitable lor forming the reservoir layer conposition are ones which can dissolve the polymer into solution 
45 and do not alter or adversely inpact the therapeutic properties of the btologicaRy active material employed. Exanples 
of useful solvents for silipone include tetrahydrofuran (THF). chloroform and dicftoomethane. 
^ To enhance the stabifity of the resenm layer and the tinted or long-term release of 

ers may be incorpiorated into the resenm layer. Fbr instance, hydridosilane may be used as a crosslinWng agent Ibr 
silicone. 

50 The resen/oir layer c o mposition is generally prepared by adding micronized drug partides into a selected amount 
of pdymer. Solvent and optional crosslinking agent are then added to this mixture which is then stirred until it is homo- 
geneous. Depending on the nature of the biologically active material and the solvent and polymers used, the mixture 
need not be a solution. The drug partides need not be dissolved into the mbcture but may be suspended thereia 
The mixture is then applied to a surface of the medical device. The reservoir layer composition may t>e applied by 

55 dipping the medical devfoe into the composition or by spraying the compos iti o n onto the device. The thidrass of the 
reservoir layer fbrmed may range from about 5 miaons to about 100 mi^^ 
about 50 microns. 

Since different coating thicknesses can be readSy acNeved by adjusting the number of spray cydes. spray coating 
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the medical device wHh the iseservoir layer is preferred: Typicaiy, tfi airbrush such as a Badger Model 150 (suppled 
with a source of pressurized air) can be used to coat the device If a signT^^ 
ft may be preferable to place the dsK^ in a rotating fixture to fe^^ 
pie. to coat the entire suffte» of a vascular ster«. the e^ 
5 retainers, such as alligator dips. The stent is rotated in a sutetantlaay horizontal plara around Hs axis. The spray noao^ 
of the atibrush is typically placed 2-4 inches from the device. 

The thickness of the reservoir coat can be acfjusted by the speed of rotation a^ 
The speed of rotation is usualy acTjusted at dt)Out 30-50 rpm, typically m 

zle. which can range from 4-tO ml coating per minute may also be a^usted Usualy. a number of sprayooats wtt be 

10' required to acfiieve the desired thickness of a reservoir liQfer. If a non-epray process is utilzad, such as dip coaling, 
casting or coextruston, then one coat may fe>e sufficient 

Moreover, several reservoir layers of different compositions may be used so that more than one drug andtor poly- 
mer mi^ be incorporated into the underlying coat The placernem of the differem layers may be detennine^ 
fusion or elution rates of the dnjgs involved as wea as the desired rate d deivering tt^ 

15 After appGcation of the reservoir layer, the polymer can be cured to produce a polymer matrix containing the bio- 
logicaNy active material and the solvent evaporated. Certain polymers, such as siloone. can be cured at relidfvely lOMr 
temperatures, [e.9. room temperature) in what is known as a room temperature vutaanizatton (RTV) process. Mdretyp-. 
kaOy. the curing/evaporatton process involves higher tenperatures so that the coated devx^e is healed in a ovea TypI- 
caly. the heating occurs bA approximately 90^ or higher far approximately 1 to 16 hours when siticone is used. f=dr 

20 certain coatings such as ones containing dexamethasbne. the heating may occur at temperatures as high as 150^ 
The time and tenperalure of heiErting vnl of course vary with the part^ 
used. One of skil In the art is aware of the necessary acfustrnento to these paraniete^ 
after the outer layer has been applied. 

The outer layer containing the fane surfactant^drug oxnplex is preferably prepared by dissolving the conpta 

25 solvent or a nwcture of solvents, however, it can also be prepared by blending the fanfa surfactant drug conplex wHh 
polymer(s) or polymer(s)/60lvent mixtures. Suitable drugs have been descrfaed abova Appropriate fanfa surfactants 
include quaternary ammonium conpounds such as one of the foOowing: benzaS«onium chtorkJe. tridodecylmetriylanv 
monium chloride (TDMAC). cetyllpyridinium chtoride. benzykfrnelfiylstearylammoraum chfaride. benzylcetyl dfawthyl 
ammonium chtoHde. An addffional example of an appropriate fanfa surfactant indudes a polymeric surfactant, such as 

90 a quaternary ammonium salt of acrylate polymer including 2-(trimethyl amine)-ethyl metfiacrylale bromkle^ or a quater- 
nary anYnonium salt of ceOufase such as Jl^ and QUAITtlSOfT manufactored by Unfan CarfaUa Prefc^^ 
iorvc surfactant comprises TDMA. 

The surfactantKfnigGorTplex can either be purchased on the open rnaricet or rnade in t^ 
benzalkonfum chloride fa made and soU by ALDRICH. TDMA-heparin fa made and sold by STS POLYMERS. The 

95 skiRedarttean fa aware of methods fx rnal^surfactam<lnjgcdiTpl^^ 
The concentratfan or faadfag of bk)togk»Qy active rnatsrial in the ou^ 
peutic effects desired. GeneraBy. the outer fayer may contain 1 0-1 00% by weight or preferably 30-100% by weight of the 
coriplex of the biok>gk»rfly active material Most preferably. 45-100% b^ 
rated in the outer fayer. 

40 The so!vent(8) used to dissolve the compfax should be sweSable to ttie reservoir fayer polymers. In other words, ttie 
solvenl(s) shouto altow the outer layer conposition to sornewhat mix witii the ^ 
layers. Hence. H possibfa. the solvent used to prepare the outer laye shoufa pretarably be the 

make the reservoir layer. 

The outer fayer corrposition fa then appTied to the nwdical devk». The com 
45 ods as dipping, casting, extrufing or spray coating to torm a fayer in which some of the drug-surfactant conplex wil 
penetrate into the very top of matrix polymer of the reservoir layer. As with the reservoir layer, spray coating the outer 
laypr onto the n^edteal devfce fe preferred since it permits the thk*r»^ 
ness of the outer layer can range from about 0.1 to about 10 nfcrons. Preferably. tNs fayer fa eboU 1 
thick. When spray coating. 1 -2 sprayx;ycles fa preferred, however additional cydes may be appfed dependfag upon the 
50 coating thfakness desired. 

The coatffig thkiross ratio of the outer fayer to the reservoir layer rnay vary 

ably in the range of from about 1 :10 to 1 25. 

The refaase rate and release profie of the devk» can be aftected by the thicfawss of the outer fayer m 

concentration of the tonicaly bound phamiaceuticai in tiat fayer. If a greater annunt of the b^ 
55 is to be delivered initiajly. thinner outer fayers should be used. 

To prepare the stabifized coatings of thfa inventioa the medical devfaes are e)posed to a faw energy, relatively non- 
penetrating energy source such as gas plasma, electron beam energy, or corona discharge after they are covered with 
at least a fayer of a drug-releasing coating. The gas used in the gas plasrnatreatnrfam can be preferably argon or c^ 
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gases such as nitrogen, hefium or hydrogen. Preferably the coated d»nce is first heat cured at 40*C to 1S0*C prior to 
the. exposure to the energy source for 30 seconds to 30 rnimrtes. Relative 
radiation should be avoided. 

Also, such treatment carl be appOed to the device prior to corrpleting 

5 pie. after the device is coaled with a layer of the coating it can be heated and ea^xised to the low energy, relatively non- 
penetrating energy sourca The treatment can be repeated after other layers have been ^ied. In additkm this method 
of stabilization can be applied to coatings other than the reservoir coating described above. Spedflcally. the method is 
applicable to a coating having a first layer conpristng a poiyrrier and a second layer conpristng a poly^ 
caHy complexed drug. The method is also applicabie to a single coating which contains an ionicaBy conpleKed dnig. 

10 The polymers and drug complexes described above are suitable for preparing such a ooatkig. 

In one suitable method, the medical devices are placed in a chamt>er of a plasma surface treatment system such 
as a Plasma Science 350 (Himont/Ptasma Science.. f=oster City, CA). The system is equipped with a reactor chairtMr 
and RF solid-state generator operating at 1 3.56 mHz and from 0-500 watts power oulput and being equipped with a 
microprocessor controled system and a complete vacuum pump packaga The reaction chanter contains an uninv 

15 peded work volume off 16.75 inches (42.55 cm) by 1 3.5 inches (34.3 cm) by 1 7.5 inches (44.45 cm) in depth. 

In the plasma process, coated mecficai devices are placed in a reactor chamber and the system is purged with 
nitrogen and a vacuum appBed to 20-50 mTorr. Thereafter, inert gas (argon, helium or mixture of thern) is admitted to 
the reaction chamber for the plasma treatment. A highly preferred method of cperatk)n consists of using argon gas. 
operating at a power range from 200 to 400 vvatts. a fkiw rate of 150^650 stan^ 

20 100-45di mTorr. and an expdwe time fmc^^ 

diately after the plasma ireatmem cr renriain in.the argon atnriospher^ 
utes. 

Following stabilization, the kxilc surfactant dmg complex of the outer layer wi genemOy be molecularly distributed 
or in particle form. 

25 Moreover, after the medical devices are coated, they should be sterSized. Methods of sterilization are known in the 
art For example, the devices can be steriOzed by exposure to gamma racfiation at 2.5*3.5 Mrad or by aqxisure to ^ 
yime oxida For steraization. exposure to gamma radiatkm is a preferred method, particularfy for heparin c ontaining 
coatings. However, for certain medical devices which undergo mechanical challenges, such as exparxiable vascular 
stents, it has been fourxf that subjectirig such coated devices to gamma radiation sterilization may reduce thev at)ility 

30 to expand. To avoid such reductkm, the gas plasma treatniemdescri^ 
as a pretreatment for gamma 6teraizatk)a 

EXAMPLE1 

38 Preparation Of ^Resmot Layer 

A reservoir layer composition of heparin, sificone. and THF was prepared by the foltowing method. An amount of a 
silicone-xylene mixture (-35% solid weight from Applied SQicone Corporation) was weighed. The solid sHioone content 
was determined according to the vendor's analysis. Precaldutated and weighed amounts of finely micronized heparin 
40 (2-6 mkvons) were added into the silicone to make a final coating of 37.5% by weight heparto. Then tetrahydroftjran 
(THF) HPU: grade (from Akfrich or EM Science) was added to the silloone and heparin in the amount of Vthf - 
25Waiiicon« Miid* Finally, a silane was added as a aossfinking agent The solutton was stirred'with a stirring rod or mag- 
net until the suspension was homogeneous. 

Three Waltetent® setf-expancfing vascular stents were then spraycoated with the suspension. By acQusting the 
45 number of spray cydes. different coating thk:knesses were placed upon the stents as shown in Table la. The coating 
ttvcknesses were measured using optical nrtooscopyi After aOowing the stents to rest at room temperature Ibr about 30 
^minutes, the coated stents were moved to a convection oven and heated at 90*C for 1 6 hours. Argon gas plasma treat- 
ment was appfied to further cure the coating after the heat cure cyde. Each coated stent was thus cut in half to provide 
a total of six stent segments. 

50 ' 

Preparation of the Outer Layer 

1 0rDgAni of TDMA-heparin^>^F solution was prepared tiy dissolving a weighed amount of the TDMA-heparin pow- 
der into a beaker and adding THF solvent. The powder fully dissolved in the solvent in about 1 5 minutes. The outer layer 
55 composition was spray coated onto three of the stent segnients.narnely NO 815-1. 5. & 9 aUtoprodra 

approximately 2 pm thick The coated stents were air-dried. The remaining three stent segments; namely NO 615 • 1. 
5. & 9 a. were not covered with an outer layer, and served as comparative examples. 
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Retease Profile Based Upon Azure A Assay 

To d etermioe the heparin release profile of the coated stents, azure A assays were performed. About 2 cm of each 
coated stem was cut arid placed irto 100ml of phosphate buffered safine a^ 

samplings of the solution were processed by coniplexing Azure A dye with the heparin to determine the amount d 
heparin reLeased from the coattngs into the sarrple solutions. At the time of sampfing, the buffer was replaced with 
fresh saline. 

SpedTically 2S0 111 of each sample sdution was diluted and p«)etted i 
of Aaire A dye solution of concentration 100 (Irom AW^ 

whole plate was then shaken and incubated at room temperature tor exactly one hour. Absorbance o# the solutiomw^ 
then read at 505 nm using a micro plate reader. The concentrations of the samples were then determined by interpoia- 
tion from a standard curve of solutions of iQTOwn concentrations from 0 to 6.0 

TiribI e 1 b summarizes the r el ease rates of the stents at various times during an eight day period. This data has been 
con^iled to generate the release proffle of Figure 1. 

Results of Tohildlne Blue Assay 



40 



To measure the concentration of heparin at the surface of the stents, a semi-quiantitative loluidine blue assay 
performed. About 1.5 cm of the stents were prepared and placed in smal test tubes. 2 nr^ of the 100 ^gMtohadroblie 
20 dye solution (frt)mAldrich) was added into the tubea The test tubes were shak^ 
Ibr exactly 30 minutes. The stents were then taken oU of the dye and washed exh^ 

of the stente were dried gently with pqMr towel. The stent sawpHes were then transferred to another set of testtobes 
containing 2.00 nri of 1% sodium dodecyl sulftte sdutfon and left under room oondittons tor 10 minutes, prior to readhg 
the absorbance of the solution at 640 nm in a UV spectrometer. 
25 The dye uptaking results from the toMcfine blue assay are presented in TeUe la. They show.thaft the estimated 
concentrattons of heparin present at the surfaces of the coated stents tended to be greater for the stertt covered with 
the coatings of this inventkxi as compared to stents covered oNy by a reservoir layer. 



so 
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Release Rates (ug/cm^/hr) Measured By Azure A Assay 


Time, days 


nd815-1^a 


nd815-5a 


nd815-9a 


nd815-1at 


nd815*5at 


nd815-9at 


0.1 


65 


ijzr 


37.46 


65.73 


21.02 


50 


0.8 


16.2 


13.1 


19.43 


2A2B 


9.06 


17 


2.4 


2.68 


0.4 


2.02 


2.49 


0.68 


1.57 


3.8 


1.95 


0 


0 


0.9 


0 


0.15 


5.8 


1.72 


0 


15 


1 


0 


0.96 


7.7 


1.69 


0^ 


1.31 


1.24 


0.28 


0.59 



Resuits of Facfor Xa Assay 

To determine the pharmaceutical activity of the coated stent as weB as the surface oorKentration ol heparin a ftc- 
20 tor Xa Assay was performed. About 0.5 cm of each stem sample was prepared and placed in a smaM test tiiM. 20 »^ 
antithrontin III at 1 lU/ml (from Helena Lab.) and 180 iilof 0.5 mol/l of tris buffer are added into the test tubes. The con- 
tents was shaken and incubated at 37*C for about 1 0 minutes. Then 200 |d of factor Xa. 71 nkat reagent (from Helena 
Labi) was added into the test tiibes. After about 1 minute. 200 pi of chromogenk: substrate S 2765 i mg/irni (C^ 
82-14 13-39/5) was added into the tubes. The test tubes were vortexed and incubated at 97^: for exactly 5 minutes. 
25 300 pi Of a 20% acetic acid solution was added to stop the reaction. Absortance^ 
uredat405nra 

The antilhrontNn activity of the samples vi^e calculated based on the stmlard curve of standard solutions of 0. 1 . 
0^3. 0.5 and 0.7 lU/hil in heparin, ft should be noted that the volumes of the reagents used for the test can be changed 
such that the ratio of the reagents are unchanged in oider to obtain the absort>ance of Ihe testing solution within the 
30 range of the standaid curve. 

The results tor the sarrples are presented in Table 1 a They show that the stents of the invention demonstrated sig- 
nificantly greater heparin or antithrombin activity and heparin suitee concentrations than the stents which did not 
include a TDMA-hepar^ outer layer. 

ss EXAMPLE 2 

A mixture of heparin, silicone and THFms prepared by the fbOowing method. Asiioone-xylene mixture (35% solid 
weight from AppGed Silicone Corporation) was weighed. The solid sicone content was determined according to the 
vendor's analysis. Precalcutated and weighed amounts of finely micronized heparin (2-6 microns) were added Into the 

40 sOxxxie to make a f hal coating of 37.5% heparin. Tetrahydrofuran (THF=) HPLC grade (AWrich or €M Science) was 
added untO the solid content of sificone was 3.5%. Finally, aosslinkbtg agent from the manufacturer was added into the 
suspension. The solution was stirred with a stirring rod or magnet until the suspension was homogeneous. 

W^ent® endoprostheses were then sprayooated with the suspension to achieve the reservoir coating thick- 
nesses shown in Table 2& Tlvee coding series (e.^. A, B and Q were prepared 

45 perature for 30min.. the coated stents designated as series A and C were moved to a convedto 
90*0 for 16 hours. 

An outer laye oonipositx>n was prepared by dissolving a weighed amount of TDMA-heparin powder into a beaker 
andadcfingTHFtofonmalOnigMTDMA-^eparfnm^soiutkia The powdered complex was fuly dissolved in the sol- 
vent in about 15 minutes. Stent seriiBS A and B were sprayooated wHh this solutkxi to form outer, layere of the same 
50 thkdowss end altowed to lir dry The series 8 stents were heat cured at 90^:i^ 

The series C stents were then (^coated with the TDMA-heparin solution. The thk:lffiess of these outer layeis is 
^ same as that d the series A and B stents. f%ialy. argon gas plasma treatment «^ 
ings for all the series. 

In summary, the three coating series were prepared as folows: 

55 

A: 1) spraycoated with a 37.5% heparin reservoir conposition. 2) heat cured at 90*C for 16 hours. 3) spray- 
coated with TDMA^ieparin outer layer compositksn, and 4) exposed to argon gas ple^^ . 
fi: 1) spraycoated with a 37.5% heparin reservoir composition, 2) spraycoated wHh TDMA-heparin outer layer 
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composition. 3) heat cured at WC (or 1 6 hours, and 4) exposed to argon gas plasma treatment 
Q, 1) spraycoated with a 37.5% heparvi reservoir oompositiori, 2) heat cured at 9(r*C for 16 hours, 3) dSp-coaM 
with TDMA-heparin outer layer compositioa and 4) exposed to argon gas plasma treatment 

The three assays described in Example 1 were performed for the stents. The results which are presented in Tables 
2aand2b8howthattheorderof curing and means of applying the outer laym* to the stent did not have significant effect 
on the activity or concentration of the heparin at the surface of the stent However it should be noted that the stents of 
. coating series B. in which the outer layer was exposed to heat curing showed improved suiface morphology. 



Tkble2a 



Sample 


A1-1 


A2-1 


B1-2 


62-2 


CI .2 


C2-2 


Coatings Series 


A 


A 


B 


B 


C 


C 


dye uptaking & day 4 (absorbanc^cm^ 


1.18 


1.46 


1.84 


1.7 


1.22 


1.39 


dye uptaking @ day 7 (at)sort)ance/cm^ 


0.66 


0.42 


0.82 


1.28 


0.93 


0.63 


FXa(mU/cm^®day11 


25.9 


36.2 


30 


32.8 


35.2 


49.6 


coating thidoiess (um) 


5 


23 


6 


11 


5 


16 



Table 2b 



Release Rate (^gycm^/hr) 


Time, days 


A1-1 


A2-1 


B1-2 


B2.2 


C1-2 


02-2 


0.06 


163.76 


159.97 


172.11 


239.19 


162.65 


188.24 


6.95 


1.38 


10.13 


0.69 


ai6 


1.84 


8.14 


1.78 


0.56 


3.35 


0.20 


1.15 


0.47 


1.67 


Z7S 


0.24 


0.95 


0.11 


0.64 


0.18 


0.67 


3.84 


0.45 


2^7 


0^7 


1.29 


0.42 


1.61 


4.72 


0.93 


2.47 


1.38 


1.45 


0.38 


1.75 


5.95 


0.13 


1.08 


0.25 


0.69 


0.09 


0.57 


&81 


0.31 


0.00 


0.34 


0.80 


0.43 


0.54 



EXAMPLES 

Wbllstent® endoprostheses were spraycoated with the reservoir oomposttk)n of Exanrple 2 to achieve tlie coating 
thicknesses shown in Table 3a. An outer layer composition was prepared by weigNng TDMA-heparin powder, placing 
it in a beaker, and add^ THF to make the solutton containing 1 0 wQfni of TDMA-heparin in THF. The powder fully das- 
^solved in the solvent in atxxJt 15 minutes. Four of the six sample stents were spraycoated with the TDMA-heparm solu- 
tion to form outer layers of about 2 microns in thickness. All the samples were subjected to the toluidine blue assay and 
Azure A assay d^crft>ed above Tables 3a and 3b d^ the experimental results. 

As shown in Table 3a, stents coated accorcfing to the inventkm [e.g. Sample TD1 ) exNbited greater heparin surface 
concentratkxis than stents having equal or thicker coatings oonpised only of a reservoir layer (e.p. sanple TD5). 
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Table 3a 


i 


Reservoir layer 
with outer layer 




1.48 




1.26 


30 

35' 






Reservoir layer 
with outer layer 




rj 


1.09 


1.95 


40 
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0.94 




45 

k 

50 




1 Sample 


Coating Composition 


coating thickness (um) 


^1 

® s 

II 


•|| 

Q. * 

3 


d i 

r-i 



12 



EP0879595A2 



Table 3b 



8 



Release Data (pg/cm^/hr) 


Time (days) 


TD1 


TD2 


TD3 


TO* 


TD5 


TD6 


0.08 


630.94 


67^89 


368.70 


342.80 


162.94 


146.52 


1.73 


5.01 


5.33 


4.30 


3.61 


6.87 


3.52 


4.73 


2.53 


2.90 


1.87 


1.83 


2.60 


3.19 


7.02 


3.20 


3.26 


3.14 


2.87 


4.02 


3.61 


8.90 


0.50 


0.62 


0.08 


0.00 


0.98 


0.78 



IS 

EXAMPLE 4 



Coated stents were prepared according to the method used to make the series B stents of Exan^e 2 ei^ept that 
certain of ttmsanpies were not coated with an oiner layer as indicated in Table 4a SimOar coating iMcfcnesses (rf the 
2b reservoir layer and outer layer were maintained for the samples. These coated stents were sterTized by either ganvna 
. radiation or ethylene oxida The samples were then sii^ected to toluidine blue assay and Azure A ass^. Tables 4a and 
4b detail the experimental resets. These results show that sterilization of the coated stent, either by gamma radwtion 
or ethylene oxide, does not adversely affect the heparin surface concentration in a significam marvier. 



25 

Table 4a 





Samples 


#2 


#3 


#15 


#19 


ne 


90 


Sterilzation 
Method 


Gamma Radia* 
tion 


Ethylene Oxide 


Mone 


Gamma Radia* 
lion 


Etf^e Oxide 




Coating Compo- 
sition 


Reservoir Layer 
Only 


Reservoir Layer 
Only 


Reservoir Layer 
with Outer Layer 


Reservoir Layer 
with Outer Layer 


Reservoir Layer 
with Outer Layer 


95 


Toluidine test & 
day.3 (iteofb- 
ance/icm^ 


2.220 


2.100 


^600 


Z.BO0 


2.480 




Toluidine test <9 
day 6 (absorb- 
ance/bn^ 


1.290 


1.050 


1.840 


1.980 


^Jsm 


40 


Toluidine test @ 
day 10 (absori> 
ance/cm^ 


1.880 


1.670 


2.100 


1.970 


1.920 



45 



Table 4b 
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Release Data (ng/cm'/hr) 


Time (days) 


#2 


#3 


#15 


#19 


. #16 


0.08 


13a30 


215.88 


283.40 


^1^2S 


232.46 


1.01 


4.28 


11.55 


6.80 


5.59 


9.53 


1.99 


1.99 


3.02 


2.29 


1.66 


3.16 


3.06 


1.96 


1.78 


1.78 


1.71 


1.99 


3.93 


1.61 


1.41 


1.40 


1.12 


1.46 
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Table 4b (continued) 



Release Data Wcnr^MI 


Time (days) 


#2 


#3 


#15 


#19 


#16 


4^ 


1.73 


0.82 


1.12 


1.18 


1.13 


5.84 


2.37 


0.84 


1.20 


1.25 


1.46 


6.74 


1.17 


0.53 


0.59 


0.58 


O.80 


7.86 


1.30 


0.65 


1.31 


0.85 


1.11 


8.74 


0.90 


0.34 


0.96 


0.35 


1.27 


9.84 


0.78 


0.24 


1.25 


0.59 


1.28 



EXAMPLES 

F^nnaOon Of SiabttM Coatings 

To form the first layer of the coating, a siicone-xylene mixture (35% sofid weight from Applied SScone Corporation) 
was weighed and added to tetrahydrofuran (THF) HPLC grade (from Aldrich or EM Science). A crosslnttng agent was 
added into the solution. The homogeneous solution was sprayed onto stents to form layers having thicknesses o* 5 jim 
or less. The stents coated with the first layer of siicone were cured at 150^ tor 30 minutes. The stents wrere then 
treated wHh argon plasma for further curing. 

Top layer conpositions of sificone, THF and TDMA-heptfin .were prepared by dissolving the TDMA-heparin In the 
THF. The sificone-xytene mixture was added to the solution so that the solid sWoone content was 3.5%. A crossSnking 
reagem was added 10 the solutkm. The oomem of TDM A4ieparin in the final sdutk^ 
silicone. 

The top layer compositk)ns were sprayed onto the siicone coated stents. The thicknesses of the top layers of the 
saii^ as well as the anrKium of TDMA-heparin on the sanrp^ 
90*C for 16 hours and then treated with argon plasma. 

Release Experiments 

/^er the coated stents were oit into 2 cm pieces, four pieces of each sarriple were p^ 
buffer 8oiutk)n (PBS). The buffer solution was changed daiy and azure A assays were perfomied on the solution to 
determine the released heparin concentratwns tor the samples. The results are pres^ in Table 5b. 

At the third, sbcth and ninth days, a piece from each sanple was use^ 
assay was performed on the last piece of each sample on the ninth dcy to detenni^ 
tor results). 



TABLE 5a 



Sample 


SI 


S2 


S3 


S4 


Thiclviess of Top Layer Qim) 


4 


13 


9 


16 


Weight of TDMA-heparin (mg/cm^ 


0.5000 


^1500 


0.2300 


0.6100 


Toluidlne Blue Dye Uptake & Day 3 (absorbancefcm?) 


0.392 


0.804 


0.243 


0.236 


Toluidine Blue Dye Uptake 9 Day 6 (absorfoance^cm^ 


0.353 


0.568 


0.193 


0.233 


Toiuidine Blue Dye Uptake 9 D^ 9 (absorbancefem^ 


0.589 


1.079 


0.396 


0.271 


f%i Activity (lUAan^ 


0.028 


0.034 


0.025 


0.026 
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lABLESb 



Release Rates big/cm^/hr) Measured by Azure 
A Assay 


Tm& (days) 


SI 


S2 


S3 


S4 


0.08 


2.720 


3.902 


2.912 


4.831 


0.92 


0.190 


0.313 


0J273 


0.336 




0.105 


0.042 


0.053 


0.087 


3.08 


0.060 


0.000 


0.000 


0.019 


4.00 


0.164 


0.032 


0.031 


0.048 


4.98 


0.000 


0.iD00 


0.000 


0.000 



EXAMPLES 

Formation of Stablttzed Coatings 

The firet layer of the coating was prepared arxi applied as In Example 5. In experiment series A. the coated stents 
were heat cured at 90^C tor 16 hours. In experiment series B. no heat treatment was applied. 

A 10 mg/imL TDMA-heparinHHF top layer solution was prepared t)y dissolving the TOMA-heparbi in the THF. The 
stents were spr^ed coated with top layer solution and then air dried. The amount of TDMA-heparin applied to each 
sample stem is prosrided in Tatale 6a The coated stents of series B were then heat treated in a co^ 
foriehours. Both series of stents were treated with argon plasma. 

In summary, the two coating series were prepared as fbiloM^ . 

A: 1) spraycoated with silicone first layer solution. 2) heat cured. 3) spri^Goated wHh TDMA-heparin top layer com- 

posilioa and 4) argon plasma treated. 
B: 1) spraycoated with sificone first layer solution. 2) Qpraycoo^ 3)heat 

cured and 4) argon plasma treated 

Retease Experiments 

Four 2 cm pieces of coated stents from each sample of each series were placed into 100 mL of phosphate txjffer 
solution (PBS) having a pH of 7.4. Another 4 pieces from each series were placed into 100 mL of polyethylene glycol 
(PEGywater solution (40/60 vAf. MW of PEG=400). The stent pieces were incubated at 37*C in a shaker. The txiffer and 
PEG solution were changed daUy and azure A assays were perfomied on the solution to determine the relesed 
heparin concentrations. The results are present in Table 6tx 

On the third, sixth and eleventh days, a piece from each sanple was used for toluicfine blue dye uptalong assay 
(See Table 5a for results). FXa assay was performed on the last piece of each sample to determine the heparin activity 
It was found that the heparin activity was too h^ to be quantified by a FXa assay. 

Releaseofheparininplasnawasalsostucfied. 1 cm pieces of a coated stem from se^ mLof 
dtrated human plasma (from Helena Labs.), which was in lyophMized form and was reconstituted by adding 1 mL of 
.sterile deionized water. Three sets of stent plasma solutions were incubated at 37*C and the plasma was changed datfy. 
In a separate study, tt was found that dtrated human plasne was stable at 37>C for 24 hours (activated partial throm- 
boplastin time tesQ. Toluidine blue assay was performed for the stem inc^ 
days.'The one day dye uptaking showed no low of activity; the dye uptake 

Also, FXa assay was performed on day 7. The antithrombin activity was higher than the quantTication rimit 
(>64mU/cm2). - ^ 
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TABLE 6a 



Experimental Senes 


B 


B 


B 


A 


A 


A 


Sample 


T1 




T3 


T4 


T5 


T6 


Weight of TOMA-heparin (mg/cm^ 


0.4200 


0.5100 


0.5300 


0.3300 


0.6300 


0.3900 


Eluting media 


PBS 


PBS 


PEG^vatar 


PBS 


PBS 


PHa^vater 


Toluidine Blue Dye Uptake® Day 3 <ab60ft>- 


0^27 


0.961 


0J673 


0^16 


1.363 


0.744 


Toluiciine Blue Dye Uptake ® Day 6 (absofb- 
ance/cxr?) 


. 1.655 


1.104 


0.983 


1.163 


1.951 


1.278 


Tolindine Blue Dye Uptake ® Day 11 
(absorbance/cm^ 


1.345 


1.527 


1.424 


1.114 


Z210 


1.277 
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TABLE 6b 



Release Rates (pg/cm'/hr) Measured by Azure A i 


\ssay 


Time (days) 


T1 


T2 


T3 


T4 


T5 


T6 


0.08 


1.53 


1.31 


1.55 


0.00 


0.00 


1.08 


1.00 


0.05 


0.05 


0.97 


0.00 


0.01 


0.39 


2.02 


0.00 


0.00 


0.19 


0.00 


0.06 


0.11 


2.97 


0.20 


0.00 


0.12 


0.00 


0.32 


0.11 


4.04 


0.00 


0.00 


0.06 


0.00 


0.13 


0.00 


4.88 


0.00 


0.00 


0.03 


0.00 


0.35 


0.00 
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EXAHPLE7 

To examfeie the effect ol the curing ofder and the argon plasnw treatmeit on 
an siicone surfaces, the fatawng samples Were prepared. 5.0 mm Bgiloy sterts were coated with siicone hawnga 
coatina weight of laS mgfcm*. A top layer soMion of 10 mgArt of TDMA-heparinrTHF was sprayed onto the M. 
The coating weight of the top layer was about 0.4 ingtei^. The heating and argon pte^ 
to the stents as described tjelow. The stents were hert ojred at arc lor 16 hours. 

TEi : 1) spraycoated with silicone solution. 2) heat cured. 3) spraycoated withTDMA^ieparin top layer solution, and 

4) argorvptaisma treated. 

TE2- 1) spraycoated with sUicono solution. 2) heat cued and 3) spraycoated with TDMA-hepanh^^ 

ijspnvcoatedwim silicone solulion. 2) spraycoated wiftTDMA*^ 

4) aroon plasma treated. 
Hi: ijs^tvooatedwilh silicone solution. 2) spraycoated with T0MA4^^ 

The release study was perfbmwd In PBS buffer at 37^3. The results, which are Dsted in Table 7. shot* thrt 9»aimr 
bined curing of the coating wlh bom heat trealnwnt and argon gas treatmem increases the bW 
heparin on the device and consequenVy prolangs the heparin activity. 
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TABLE? 



Sample 


TE1 


TE2 


TE3 


TE4 


Coating Process 


Si/heat/TDMA* 
hep/plasma 


Si/heatHDMA-hep 


SiHDMA- 
hep^ieat/jplasma 


Si/TDMA-hep/heat 


Tduidine Blue Dye 
Uptaking & Day 2.02 
(absorbance/cm^ 


0.881 


0.844 


1.287 


1.095 


Tduidme Blue Dye. 
Ulptakffig & Day 6.05 
(absorbance/an^ 


0.985 


0.705 


1.336 


1.055 


Tolukfine Blue Dye 

Uptatwig@Day8.6 

(absofbance/ciTi^ 


0.715 


0.691 


1.310 


1.009 



EXAMPLE 8 

To further compare the binding efficacy of coatings exposed to both heat and plasma treatment and that of coatir^ 
which are only heat treated, the foHGwing samples were prepared. The thicknesses of both tfte sitoxie. layer and top 
layer were 1^ constant at 3 nig/cm^ and 0.5 rng^cm?. respectiv^^ 

ND-1: 

1) spraycoated with silicone solution, 

2) heat cured at 15a'C for 45 minutes. 

3) spraycoated with TDMA-heparin top layer solution, and 

4) heat cured at 90<*C for 16 hours. 

ND-1P : same as ND-1 but further treated with argon plasma. . 
ND-2: 

1) spraycoated with silicone solution, 

2) spraycoated with TDMA-heparin top layer solution, and 

3) heat cured at 90*C for 16 hours. 

ND-2P-' same as ND-2 but further treated with argon plasma. 

1) spraycoated with aficone solution, 

2) heat cured at 150*0 lor 60 minutes, and 

3) spraycoated with TDMA-heparin top layer solution. 

•filQiae: same as ND-3 but further treated with argon plasma. 

The release study was performed in citrate bovine plasma (CBP). The stents were cut into 1.5 cm peces and 
placed into a sterilized plastic vial containing 4 mi of CBP at 37HI The plasma was changed daiy. From the third day. 
1 inl of CBP was used instead. Toluidine blue assay and FXa assay were performed after 7 d^ 
presented m Table 6 confirm the finding of Exanrple 7. that plasma treatment enhances the bindmg of the TDMA- 
heparin to the stents. 
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TABLES 



Sanrple 


ND-1 


ND-1P 


ND-2 


N0-2P 


ND-3 


ND-3P 


Argon Plasma Treatment 


NO 


YES 


NO 


YES 


NO 


YES 


Toluidine Blue Dye Uptaking (absort)ancaferr^ 


0.683 


0.577 


0.743 


0.805 


0.696 


0.654 


FXA activity (mlU/cm^ 


0 


1.4 


2.7 


9.0 


0 


5.0 



The description contained herein is for purposes of Hlustratibn and not far purposes of initatloa Changes and 
modifications may be made ID the entwdiments of Ihe descripti 
more, obynous changes, modffications or variattons wi^ 
are incorporated herein, in their entirety, lor all purposes related to this disctosura 

aaims 

1 Amedtodde^«cehavingatleastaportionwhichisinserte^ 

portion has a surtee which is adapted far exposure to body tissue of the 
swface is covered with a coating far release of at lea^ 

iriterrial reservoir layer and an outer layer in contact with the reservoir lay^ * 
wherein the outer layer conprises an ionic surfactant conplexed to the biologicaly adi^ 
wherein the resen«ir layer conprises a polymer irKaporating the biotogicaly active material which is siih 

stantiaily free of any ionic surfactant such that the biologicaBy active material of the reservoir layer can migrate out> 

wardly f^ the reservoir fayer, and at least isome of the biologically active material of the reservoir can complex 

with the ionic surfactant in the outer 1^ as the biotogicaly a^ 

2. Thedeviceofdaiml wherein the device Is an expandabte Stent 

3. Thedeviceof daim 2 wherein the device is a self-expancfing^ent 

4. The d«^ of daiml wherein the polymer of the reservoir lay» is an el^^ 

5. The device of daim 4 wherein the polymer of the resenw layer is selededfr^ 

polyurethanes. thennoplastic elastom^s. elhytene vinyl acetate copolymeis, polyolefin efastomer^ and EPDM 
ntters. 

6. The device off dalm 5 wherein the polymer of the reservoir layer fesiico^ 

7. The device of daiml wherein the biologically active materfal of the 
an average partide sizfrof 1 to 100 rnioona. 

8. The device of daim 7 wherein the ratio of reservoir fayer tNdrass to average partide d ameter is greater than 
aboua. 

9. The device of daim 7 wherein the ratio of resen«ir fayer thidmess to averag 
aboutS. 

1 0. The device of daim 1 wherein the biologically active materfal fa setected from the group <»nssti«0 

coids. heparin, hirudin, angiopeptin, aspirin, ACE inWbitors. growth factors, digonudeotides, antV^t^^^O^ 
anti-hypertensives, anti-coagufant agents, antimitotfc agents. antioxWants. antimetabofite agents. antHnftamma- 
tory agents and antiblotfas. 

11. The device of daim 10 wherein the biotogicaly active material fa heparin. 

12. Thedeviceof daiml whereinthereservoirlayerconprisesaboutO-lto^^ 
material. 
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13. The device of daim 12 wherein the reservoir layer conprises about 10 to atxM 45 weight % of the bioloQically 
active material. 

14. The device of daim 1 wherein the reservoir layer is about 5 to about 200 microns thidc 

15. The device of daim 14 wherein the resenwirla^er is about 15 to about 50 mic^ 

16. The device of daim ivvherein the ionic surfactam of the outer ta^ 

17. The device o« daim 16 wherein the ionic surfactamconprises a tri^ 

1& Thedeviceof daim 1 wherein the outer layer is about 0.1 to about 10 ntoonsthic^ 

19. The device off daim 1 wherein the coaling is constructed to maintain biol^^ 
the device for long periods of time. 

20. A method of making a medicd device having at least a portion for insertion or implantation into the body of a 
pati ent wherein the portion has a surface which is adapted for exposure to body tissue of the patient and wherein 
at ieast^ p art ol th e surface is covered with a coating to release at least one biologically active material therefrom, 
the method comprisingi 

a) fonning a resenw layer oyer the surface by applying a reservoir layer conposition conprising a polymer 
and a biologically active material and 

b) tomiing an outer layer over the reservoir layer by applying an outer layer compo si tion conpri si ng an ionto 
surfactant complexed to the biologicalty active material. 

21. The rnethodcf daim 20 wherein the reservoir te^er is fomnj^ 

22. The method of daim 21 vvherm the method further comprises aUpwIhg the solvem 
tiontoMporata 

23. The method of daim 20 wherein formulation of the reservoir layer indudes combining the biotoglcally active mate- 
rial with a molten polymer. 

24. The rnethod of daim 20 vvherein the reservoir layer compdsi^ 
spray coating. 

25. The method of daim 20 wherdn the polymer of the resent layer is an elaston^ 

26. The method of daim 25 wherein the polymer of the reservoir layer is selected from the gr 

polyurethanes. thermoplastic elastomers, ethylene viriyl acetate copolymers, polyolefin elastomers and EPDM njb- 
bers. 

27. The method of daim 20 wherein the bidogicaliy active material of the reservoir layer is in a particulate form having 
an average partide size of 1 to 100 miaons. 

«28. The device of daim 27 wherein the ratio of reservoir layer thickness to average partide diaineter is greater th9n 
alxxjtd. 

29. The devk:e of daim 27 wherein the ratio of resenniir layer thickness to average partide diameter is greater than 
atXMitS. 

30. The method of daim 20 wherein the biologkxdiy active material is selected from the groip consisting of gluoocorti- 
coids, heparin, hirudia angiopeptin, aspirin, growth factors, digonudeotides. antiplatelet agents, anti-hyperten- 
sives, anti-coagulant agents, antimitotic agents, antioxidants, antimetabolite agents, anti-inflammatory agents and 
antibiolics. 

31 . The method of daim 30 vifherein the biologk»liy active material is heparia 
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32. The method of daimao wherein the fesefvoirla^ 

33. The method of claim 32 wheftt'n the reservoir layer fe about 15 to ab^ 

34. Themethodofclaim20v4iereinthetorilcsurfBrtartoftheoi^ 

35. The method of daim 34 whereiri*ie ioriicsurtartamcoff^^ 

36. The inethod of daim 20 wherein the outer layer Is about 0.1 to about 10 mic^^ 

37. The method of daim 20 wNch further comprises heat curing the reserve 
surfaca 

38. The method of claim 37 which fcirther comprises trealino the reserve 
etrating energy soum. 

39. The method of daim 20 which further comprises treating the coating with a low energy, relative^ non-penelraling 
energy source after the farming of the ouer layer. 

40. The method of daim 39 which further comprises heat curing that coating before the coating is treated witti the 
energy source. 

41 . The method of daim 20 wherein the coating is constructed tor maintaining the biologicaly active material on the 
suriace of the device tor long periods of lime. 

42. A melhod of making a medkal devtoe having at toast a portion for insertton or inplanlation into the body of a 
patient, wherein the portton has a surface whkrfi Is adapted for expotore to body tissue of ^ 

at least a part of the surface is cowed with a coaling to release at least 0^ 
the method comprising: 

a) fbnning a toyer d the coating whk* comprises an ionic surfactartoomple)W^ 
rialonthe8urfece,and 

b) exposing the toyer to a low energy, retotively non^yen^ting energy source 

43. The method of daim 42 wherein the energy source is sdectedftom the gro^>«nsl^^ 
beam energy and corona dtochaige. 

44. The method dcteim 42 wherein the surface covered with the layer is healed at ab^ 
Ing the coated surface to the tow energy, relatively non-penetrating energy source. 

45. The mettiod of daim 44 wherdn the surface Is heated at dboul90-Cfc)r about M 

46. The method of daim 43 wherein the layer is exposed to gas plasma generated from a gas selected from the group 
consisting of argon, hefiurrv nilrogea hydrogen and nixtures thereof. 

47. The method of daim 46 wherdn the gas plasma is generated from argo^ 

48. * The method of daim 43 wherein the surface covered with the layer is exposed to gas pi 

energy source lor about 30 seconds to about 5 rninutes. 

49. A method of making a medical devtoe havtog at least a portion for insertton or iirplantation into the body of a 
patient, wherein the portton has a surface whfch is adapted for exposure to body tissue of the p^ 

at least a part of the surface is owed with a coating to rdease at least one bidogl^ 
the method comprising: 

a) loming a first toyer of the coating over the surface by applying a first layer composition comprising a pdy- 

mer. . . . 

b) torming an outer toyer over the first layer by applying an outer toyer conposition comprising an lomc sur- 
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factant complexBCl to the biologically active material, and - 

c) exposing the coated surface to a low energy, relatively non-penetrating energy sourca 

50. The method of claim 49 wherein the energy source is selected from the group consisting of gas plasma, electron 
5 k)eam energy and corona (fischarge. 

51. The method of daim 49. wherein theliret layer further comprises a biologically active material. 

52. The method of daim 49 vi^erein the anted surface is heated at about 40* 
70 surface to the low energy, relatively non-pen^rating energy source. 

53. The nrwthod of daim 52 wherein the surface is heated at about 90*C fo^ 

54. The method of claim 50 wherdn the coated surface 16 exposed to gas plasma generated from a gas selected from 
15 the group consisting of argoahefium. nitrogen, hydrogen and mixtures^ 

55. The niethod of daim 54 wherdn gas plasnia is generated firam aigon ga& 

56. Theo^etfiodof claim 50 wherein the a>ated surface is exposed to gas plasma or th^ 
20 lor about 30 seconds to about 5 minute& 

57. The method of daim 49 wherein the first layer composition and the outer layer c o mpo si tion are ^apiied by spray 
coating. 

25 58. The method Of daim 49 wheran the pdymer Of the first layer Is an elastomers 

59. The method of daim 58 wherein the pdymer of the first layer is selected from the group consisting of silicones, 
poiyurethanes. thermoplastic elastomers, ethylene viriyl acetate copolymers, polyolefin elastomers, and EPDM 
rubbers. 

30 

60. The method of daim 49 wherein the b'otogically active material is heparin 

61. The method of daim 49 wherdn the ionic surfactamconprises a tric^ 

35 
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(54) Drug-releasing coatings for medical devices 



(57) The invention is directed to mecficai devices 
having a drug-releasing coating and methods for maldng 
such coated devices. The coating permits timed or 
prolonged pharmacological activity on the surface of 
medical . devices through a reservoir concept 
Spectlicaly, the coating comprises at least two layers: 
an outer layer containing at least one dnig-ionic 
suifectant complex overtying a reservoir layer 
containing a polymer and the dmg which is 
substantiaBy free of an ionic surfactant Upon 
exposure to body tissue of a medical device covered 
with such coaling, the ionicaity bound drug in the 
outer layer is released into body fluid or tissue. 
Folowing release of such bound dnjg. the ionic 
surfactant binding sites in the outer layer are left 
vacant To maintain the pharmacological activity after 
deivery of the toriicaly bound drug, additional 
amounts of the drug are embedded or incorporated in the 
resenroir layer in a manner which aOows the drug, 
which is substantially free of ionic surfactants, to 
complex with the vacant binding sites of the ionic 
surfactant of the outer layer. As a result, the surfece 



of the medical device is enriched with the drug to 
provide sustained pharmacologicai activity to prevent 
the adverse reaction due to the presence of the mecficai 
device. The invention is further directed to mecficai 
devices with stabized drug-releasing coatings. The 
coatings are stabized by exposure to a low energy, 
relatively non-penetrating energy source, e.g., gas 
plasma or an electron t>eam energy source. 
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